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FOREWORD 


This  contract  was  initiated  by  the  Propulsion  Laboratory,  Wright  Air 
Developing  Center,  Wright-Patterson  Air  Force  Base,  Ohio,  and  for  the 
past  three  years  has  been  monitored  by  the  Rocket  Propulsion  Laboratory 
of  the  Air  Force  Flight  Test  Center,  Edwards  Air  Force  Base,  California. 
The  work  upon  which  this  report  is  based  is  being  accomplished  by 
Beechcraft  Research  and  Development,  Inc.,  Boulder,  Colorado,  under 
Air  Force  Contract  AP"33(  6l6)-515^^  Supplement  33(59-207).  Mr.  J,  Branigan 
of  the  Rocket  Propulsion  Laboratory  is  the  Air  Force  Project  Engineer 
in  charge  of  the  work  done  under  this  contract. 

This  is  the  tenth  quarterly  report  submitted  per  Item  IV,  Part  I  of  the 
53(59-207)  supplement  to  the  contract.  This  report  covers  all  work 
accomplished  from  1  November,  I96I,  to  3I  January,  I969. 
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ABSTE^CT 


Status  of  the  progress  on  the  thermal  simulation  test  program  during  the 
tenth  reporting  period  of  the  contract  is  reported. 

In  the  thermal  simulation  test  program  the  progress  on  the  7^000  gallon 
test  tank  system  fabrication^  pre-test  program  and  the  thermal  test 
facility  is  reported,  A  description  of  the  fabrication  progress  and 
hydrostatic  test  of  the  titanium  test  tank  and  thermal  testing  of  the 
stainless  steel  test  tank  is  presented.  A  description  of  the  facility 
program  is  presented. 
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INTRODUCTION 


This  is  the  tenth  progress  report  on  -work  being  performed  under  Contract 
AF33(6i6)-515^^  Supplement  33(59-207)^  involving  research  and  development 
of  cryogenic  propellant  tanks  for  rocket  vehicles.  This  program  is  a 
continuation  of  an  investigation  of  propellant  tank  design  problems  begun 
by  Beechcraft  Research  and  Development,  Inc.,  in  July,  1957* 

During  the  original  study  program,  it  -was  determined  that  actual 
development  and  testing  vork  vould  provide  data  which  could  be  used  in 
the  design  of  actual  flight  items.  Therefore,  a  thermed  simulation 
program  was  devised  which  would  require  a  test  tank  with  a  capacity  of 
7^000  gallons.  A  7^000  gallon  stainless  steel  tank  and  a  7/000  gallon 
titaniiam  tank  have  been  fabricated  for  this  program. 


THERMAL  TEST  roOGRAM 


1.0 

This  section  vill  describe  the  progress  of  tank  fabrication,  testing, 
and  thermal  facility  reactivation  during  this  q^uarterly  report  period. 

The  following  subsections  will  be  devoted  to  a  description  of  the 
subject  topics, 

(a)  7^000  gallon  titanium  test  tank  system 

(b)  7^000  gallon  stainless  steel  test  tank  system 

(c)  Thermal,  test  facility 

1,1  7^000  Gallon  Titanium  Test  Tank  System 

This  section  will  be  described  in  two  parts:  tank  fabrication  progress 
and  hydrostatic  testing  of  the  completed  vessel, 

1,1.1  Tank  Fabrication  Progress 

At  the  close  of  the  last  quarterly  report,  the  completion  of  the  forward 
half  of  the  taxik  weus  reported.  During  November,  I96I,  assembly  of  the 
aft  half  of  the  tank  was  begun.  The  sequence  of  assembly  is  as  follows: 

(a)  The  completed  aft  head  assembly  was  mounted  on  the  horizontal 
lathe  and  trimmed  to  print  dimensions.  The  transition  band  that 
joins  the  head  to  cylinder  was  then  trimmed  to  match  the  head 
and  fitted  together  for  welding.  With  careful  attention  given 
to  the  fitting  operation,  the  welding  proceeded  without  diffi¬ 
culty  resulting  in  a  satisfactory  Joint, 

(b)  After  completing  the  splice  band  and  head  weld,  the  aft  skirt 
was  fitted  to  the  shoulder  machined  into  the  splice  band.  The 
weld  was  made  without  difficulty,  completing  the  aft  head 
assembly.  Figure  1  shows  the  welding  setup  and  the  actual 
welding  taking  place.  Figure  2  shows  the  completed  aft  head 
assembly. 

(c)  After  completing  the  head  assembly,  the  aft  cylinder  section 
(in  storage  from  previous  fabrication)  was  trimmed  to  fit  the 
diameter  of  the  aft  head  and  the  closure  weld  was  made.  The 
cylinder  section  was  then  mounted  on  the  lathe  and  trimmed  to 
match  the  aft  head.  The  weld  was  made  without  difficulty  and 
the  aft  half  of  the  tank  was  completed  except  for  final  trim 
to  match  the  forward  half.  All  welds  in  the  tank  half  are 
100^  X-ray  examined  and  of  good  quality.  Figure  3  shows  the 
weld  setup  for  joining  the  cylinder  section  to  the  aft  head. 
Figure  4  shows  the  completed  aft  half  of  the  tank. 

(d)  Final  assembly  of  the  tank  was  accomplished  the  latter  part 
of  November,  196I.  The  final  weld  Joining  the  two  tank 
halves  was  made  on  the  horizontal  lathe  and  X-ray  examination 
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FIGURE  1 

PHOTOGRAPH  OP  WELDING  SKIRT  TO  AFT  HEAD  ASSEMBLY 


FIGUEE  2 

PHOTOGRAPH  OP  COMPLETED  AFT  HEAD  ASSEMBLY 


FIGURE  3 

PHOTOGRAPH  OF  WELDING  CYLINDER  SECTION  TO  AFT  HEAD  ASSEMBLY 


FIGURE  4 

PHOTOGRAPH  OF  COMPLETED  AFT  HALF  OF  TANK 


showed  the  weld  was  of  excellent  quality.  This  completes 
the  titanium  tank  except  for  addition  of  an  internal  vent 
line  which  will  be  added  after  hydrostatic  testing  of  the 
tank  is  accomplished.  Figure  5  shows  the  completed  tank 
mounted  on  the  lathe. 

1.1.2  Hydrostatic  Test 

This  section  will  describe  the  hydrostatic  testing  of  the  titanium 
tank  in  two  parts;  test  preparations  to  include  tank  support,  plumbing, 
and  instrumentation  and  testing  to  include  procedures  and  results. 

1.1. 2.1  Test  Preparations 

Prior  to  filling  the  tank  with  water  for  testing,  various  preparations 
were  necessary.  These  preparations  are  discussed  in  the  following 
subsections. 


1.1. 2. 1.1  Handling  and  Transporting 

Prior  to  moving  the  tank  to  the  test  area,  all  openings  were  sealed  and 
the  tank  was  pressurized  to  3  psig  with  helium  gas.  A  leak  check  was 
then  performed  covering  all  weld  seams  and  cover  plates.  No  leakage 
was  indicated  by  the  helium  mass  spectrometer  used. 

The  tank  was  left  pressurized  for  the  moving  operation.  The  handling 
fixture  designed  for  use  in  transporting  the  stainless  steel  test  tank 
previously  was  also  used  for  the  titanium  tank.  As  a  part  of  prepara¬ 
tions,  the  annulus  of  each  end  of  the  tank  formed  by  the  skirt  and  head 
was  to  be  filled  with  a  urethane  foam- in-place  plastic.  To  accomplish 
this,  the  tank  would  have  to  be  suspended  with  each  end  in  the  upri^t 
position.  Figure  6  shows  the  area  to  be  filled  with  foam. 

During  the  handling  operation  while  still  in  the  shop  area,  a  crack  was 
discovered  in  the  weld  joint  joining  the  forward  skirt  to  the  splice 
band.  This  area  had  been  repaired  once  before  when  a  similar  crack, 
caused  by  a  failure  of  argon  gas  through  the  welding  tip,  developed. 
Approximately  l-l/2"  of  weld  was  made  before  the  gas  failure  was 
discovered.  The  resulting  crack  in  the  weld  was  cleaned  of  contami¬ 
nation  and  repaired  with  apparent  success.  However,  when  the  tank 
was  subjected  to  vibrations  and  stresses  during  handling  the  crack 
reoccurred.  It  was  decided  that  further  repair  would  not  be  successful 
and  that  the  crack  would  be  stop  drilled  to  contain  the  damaged  area 
and  prevent  the  crack  from  growing.  This  operation  worked  very  well. 

Since  the  skirt  is  primarily  for  support  during  hydrostatic  testing  and 
does  not  form  a  part  of  the  tank  itself,  it  was  decided  to  hydrostat 
the  tank  in  one  position  only,  using  the  good  skirt  for  suspension. 

This  would  eliminate  the  possibility  of  a  skirt  failure  while  supporting 
the  tank  full  of  water,  which  would  destroy  the  tank  itself. 
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FIGURE  5 

PHOTOGRAPH  SHOWING  COMPLETED  TITANIUM  TANK 


FIGURE  6 

CROSS  SECTION  OF  HEAD  SHOWING 
AREA  FILLED  WITH  FOAM 


The  tank  vas  first  suspended  with  the  forward  head  in  the  upright  posi¬ 
tion,  The  annulus  was  then  filled  with  the  urethane  foam.  The  position 
of  the  teuik  was  reversed  with  the  aft  head  in  the  upright  position  and 
the  annulus  filled  with  urethane  foam.  The  tank  was  then  in  the  desired 
position  for  the  hydrostatic  test,  the  weight  of  the  filled  tank  being 
supported  by  the  skirt  with  100^  good  weld  attachment.  Figure  7  shows 
the  tank  in  position  for  the  hydrostatic  test. 

1 . 1 . 2 • 1 . 2  Instrumentation 


To  record  the  strain  experienced  by  various  parts  of  the  tank  shell, 
strain  gauges  were  installed  at  those  points  calculated  to  be  most 
critical.  A  total  of  50  gauges  was  installed,  kl  on  the  outer  surface 
and  19  on  the  inner  surface. 

A  series  of  thermocouples,  distributed  in  a  vertical  line  from  the  lower 
head  to  the  upper  head,  was  installed  to  record  any  changes  of  tempera¬ 
ture  while  the  test  was  in  progress.  All  strain  gauges  and  thermocouples 
were  then  connected  into  a  harness  leading  to  the  recording  instruments 
located  in  a  ronote  area.  The  Instrumentation  was  completed  by  addiiig 
a  fill  warning  ^system  at  the  top  of  the  teuik  to  sound  a  buzzer  when  the 
water  level  would  be  within  12”  of  the  top.  Figure  8  shows  the  location 
of  strain  gauge  points  and  the  thermocouples  for  skin  temperatures. 

Fifty  strain  gauges  were  read  directly  from  an  SR-4  balance  type  strain 
indicator.  Ten  of  the  gauges  (F-1,  F-9;  F-36,  P-13^  F-17>  P-8,  F-39^ 

F-12,  F-2,  F-38)  were  connected  to  10  channels  of  a  Minneapolis -Honeywell 
Vistacorder  for  a  continuous  record  of  the  test.  Also  connected  to  the 
vistacorder  were  the  6  temperature  thermocouples  and  the  pressure  at  the 
top  and  bottom  of  the  tank. 

1.1. 2. 1.3  Plumbing 

Figure  9  shows  a  schematic  of  the  plumbing  for  filling  and  pressurization 
during  the-  hydrostatic  test.  The  pressurization  and  vent  valves  were 
controlled  from  a  remote  point.  The  hook-up  provided  for  automatic  venting 
to  prevent  overpressurization  of  the  tank  during  filling  and  testing.  The 
rate  of  fill  would  be  monitored  by  a  turbine  meter  and  the  total  accumu¬ 
lative  gallonage  continuously  indicated. 

1,1.2.2  Testing 


The  hydrostatic  test  procedure  that  was  followed  during  this  program  is 
outlined  in  Engineering  Test  Request  No.  4-446  described  elsewhere  in  this 
report.  The  results  of  testing  and  the  conclusions  drawn  are  discussed 
in  the  following  paragraphs. 

Figure  10  is  a  curve  showing  the  total  pressure  applied  versus  strain. 

The  pressure  values  shown  do  not  include  the  hydrostatic  head  which  had 
a  value  of  10  Ibs/in^. 
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Figures  11  and  12  are  curves  showing  the  actual  and  theoretical  stresses 
at  various  points  on  the  tank*  .The  tank  is  divided  into  l^i  stations  to 
aid  in  locating  the  area  of  stresses  discussed*  Station  1  is  located  at 
the  manhole  cover  plate  of  the  forward  head. 

Comparison  of  Actual  and  Theoretical  Stresses 


In  comparing  actual  and  theoretical  stresses,  it  is  seen  that  in  almost 
every  case  the  actual  stresses  are  less  than  those  predicted  by  theory. 

This  is  largely  a  result  of  the  fact  that  a  conservative  analysis  was 
made  in  determining  the  theoretical  stresses.  In  areas  of  pure  membrane 
stress  the  minimum  skin  gage  was  chosen  in  computing  stresses.  The  worst 
possible  conditions  were  chosen  at  discontinuities.  Since  these  conditions 
did  not  exist  in  the  test  tank,  the  measured  stresses  normally  were  less 
than  the  theoretical  values. 

There  are  other  more  specific  factors  which  affect  the  differences  in 
stress.  These  factors  will  be  discussed  for  each  station  as  follows. 

Station  1  (Center  of  Manhole  Cover) 

The'actual  and  theoretical  stresses  were  found  to  be  nearly  equal  at  this 
location.  The  strain  gage  was  far  enough  from  any  discontinuity  to  be 
unaffected  by  any  concentrations.  In  addition,  the  skin  gage  must  have 
been  nearly  equal  to  that  used  in  the  theoretical  calculation. 

Station  2  and  12  (Hemisphere  or  Knuckle) 


Excellent  pressure  strain  curves  were  obtained  in  this  area  and  since 
no  discontinuities  were  near  the  gages,  it  must  be  concluded  that 
stress  differences  are  due  to  a  variation  in  skin  thickness.  The 
theoretical  stress  was  determined  using  a  skin  gage  of  .017  inches  and 
resulted  in  a  stress  of  57^000  Ibs/in-.  If  a  skin  gage  of  .021  is 
assumed,  the  theoretical  stress  is  found  to  be  47,200  Ibs/in^,  which 
is  only  2,400  lbs/in2  greater  than  the  measured  stress...  This  difference 
may  easily  be  accounted  for  by  experimental  error,  differences  in- Poisson’s 
ratio,  modulus  of  elasticity,  or  other  similar  factors. 

Station  3  &nd  11  (Hemisphe re ^Foam  Juncture) 


In  the  theoretical  analysis,  complete  fixity  was  assumed  at  these  stations 
because  of  the  foam  filler  be+ween  the  skirt  and  tank.  Because  of  this, 
the  only  stress  in  the  cdrcumferential  direction  is  from  Poisson’s  effect 
caused  by  bending  in  the  meriaional  direction.  The- curves  show  the 
circumferential  stress  to  be  much  larger  than  that  predicted  by  theory. 
This  must  be  caused  by  an  expansion  in  the  circumferential  direction 
which  indicates  that  the  foam  did  not  produce  fixed  ended  conditions. 

The  result  of  this  effect  on  the  meridional  stresses-  is  shown  by  the 
curve.  Gage  F-‘32,  which  is  on  the  outside  of  the  tank,  indicates  a  stress 


which  is  higher  than  that  predicted  by  theory.  This  is  to  be  expected 
since  the  assumed  fixed  end  condition  would  produce  a  higher  bending 
moment  than  would  result  from  an  elastic  condition  of  the  foam  filler. 

The  reverse  effect  of  the  decreased  bending  moment  is  shown  by  gage 
F-15;  which  is  on  the  inside  of  the  tank. 

Station  h  and  10  (Cylinder-Hemisphere  Juncture) 

Some  experimental  error  is  believed  to  exist  at  one  or  both  of  these 
points  because  of  the  large  stress  difference  between  gages  I7  and  25* 
These  two  gages  should  show  neeurly  equal  stresses  but  gage  I7  indicated 
a  much  higher  stress  than  gage  25.  Because  of  this  condition  it  is 
felt  that  the  recorded  data  for  these  gages  is  unreliable, 

Station  ,  and  9  (Cylinder  Weld  and  Base  Material) 

Stresses  at  these  stations  demonstrate  the  effect  of  the  increased 
modulus  of  elasticity  of  the  weld  in  that  there  is  a  decrease  in  the 
circumferential  stress  from  that  experienced  in  the  pure  membrane  areas. 
The  effect  is  small  and  produces  no  serious  design  problems.  It.  is 
unfortunate  that  the  gages  reading  meridional  strain  did  not  respond 
properly;  therefore^  no  indication  of  bending  stress  was  obtained. 

Station  6  and  8  (Cylinder) 

Any  difference  in  stresses  at  these  points  is  probably  due  to  variations 
in  skin  thickness  or  material  properties.  All  gages  in  these  areas 
showed  good  agreement;  therefore^  it  must  be  concluded  that  little 
experimental  error  exists. 

Station  I3  and  ik  (Cone  smd  Knuckle) 

Meridional  stress  values  show  fairly  good  agreement  but  a  large  difference 
in  circumferential  stresses  exists,  A  portion  of  this  difference  may 
be  explained  by  veuriations  in  skin  geiges  or  material  properties  but  at 
this  time  it  is  felt  that  other  differences  exist. 

Station  A  and  B  (Rings) 

A  compcurison  of  the  actual  and  theoretical  stresses  was  not  made  in 
Figures  11  and  12.  The  actual  stresses  were  generally  lower  than  the 
theoretical  values.  Again,  a  portion  of  this  difference  may  be  explained 
by  differences  in  material  properties  or  skin  gage.  This  is  particularly 
true  with  gages  F-39  through  F-42.  But,  at  the  manhole  ring  where 
discontinuity  stresses  were  quite  high  theoretically,  the  actual  and 
theoretical  stresses  differed  almost  by  a  factor  of  two.  The  actual 
stresses  were  only  slightly  different  than  those  at  the  vent  ring.  These 
facts  indicate  that  the -stress  concentrations  at  a  discontinuity  are  not 
as  serious  as  the  theoretical  analysis  indicated. 
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FIGURE  7 

PHOTOGRAPH  SHOWING  TANK  IN  POSITION  FOR  HYDROSTATIC  TEST 
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FIGURE  8 

LOCATION  OF  STRAIN  GAUGES 
DURING  HYDROSTATIC  TEST 


FIGUEE  9 

PLUMBING  SCHEMATIC  FOR  HYDROSTATIC  TEST 
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FIGURE  10 

TOTAL  IRESSURE  LESS  HYDROSTATIC  PRESSURE 
Vs. 

STRAIN 


Theoretical  Stress 


FIGURE  11 
MERIDIONAL  STRESS 
7,000  GALLON  TITANIUM  TEST  TANK 


o 
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FIGURE  12 

CIRCUMFERENTIAL  STRESS 
7,000  GALLON  TITANIUM  TEST  TANK 


Conclusions 


In  general,  the  actual  stresses  were  less  than  the  theoretical  stresses. 
Figures  11  and  12  show  that  the  two  stresses  followed  the  same  trend. 

The  major  exception  to  this  rule  occurs  at  the  foam-filled  areas  where 
the  actual  stresses  were  higher  than  the  theoretical. 

The  data  indicate  that  the  stress  concentrations  at  discontinuities  are 
not  as  serious  as  would  he  expected  from  a  theoretical  analysis. 

In  the  theoretical  analysis  it  was  assigned  that  the  foam  filler  between 
the  skirt  and  the  tank  shell  produced  a  fixed  condition  in  the  shell 
material. in  contact  with  the  foam.  The  strain  gage  readings  indicate 
that  better  correlation  is  obtained  if  the  effects  of  the  filler  are 
ignored . 

The  results  show  that  a  reasonably  accurate  analysis  may  be  made  in 
designing  large  titanium  tanks.  No  problems  exist  in  designing  fittings 
of  sufficient  strength  at  junctures.  It  is  q.ulte  possible  that  the 
design  of  components  at  these  discontinuities  may  be  overly  conservative. 

Figure  13  shows  the  tank  being  removed  from  the  test  tower  after  success¬ 
fully  completing  the  hydrostatic  test.  Figure  l4  shows  a  four-man  lift 
of  the  tank  to  emphasize  the  lightweight  construction. 

1.1.3  Tank  Insulation 


Insulation  of  the  titanivun  tank  was  begun  the  latter  part  of  January. 
Formed  segments  of  fiberglass  have  been  trimmed  and  fitted  to  the  forward 
and  aft  heads.  The  segments  are  attached  to  the  head  with  Sta-Bond 
511-A  adhesive.  Thermal  stand-offs  have  been  installed  on  the  manhole, 
instrumentation  port,  and  vent  pojt.  Retainer  angles  which  attach  the 
insulation  segments  to  the  skirt  and  poured  foam  area  have  been  Installed. 
Figure  15  shows  a  cross-section  of  the  head  area  indicating  the  work 
done  to  date. 

1.2  7^000  Gallon  Stainless  Steel  Test  Tank  System 

This  section  will  be  described  in  two  parts;  taiBt  fabrication  progress 
and  thermal  testing. 

1.2.1  Tank  Fabrication  Erogress 

As  reported  in  the  previous  quarterly  report  dated  January,  1962,  the 
stainless  steel  tank  has  been  reworked  and  reinsiilated  and  installed 
in  the  thermal  test  facility.  No  further  changes  have  been  made  in  the 
teuik  structure  or  the  insulation  concept. 
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FIGURE  13 

PHOTOGRAPH  SHOWING  TITANIUM  TANK 
AFTER  SUCCESSFUL  HYDROSTATIC  TEST 


FIGURE  .14 

PHOTOGRAPH  SHOWING  FOUR -MAN  LIFT 
OF  7,000  GALLON  TITANIUM  TANK 
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FIGURE  15 

CROSS  SECTION  OF  HEAD  AREA 
SHOWING  FIBERGLASS  INSULATION  SEGMENT  IN  PLACE 
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1*2#2  Thermal  Testing 


This  section  will  be  described  under  the  following  sub-titles: 

(a)  Preliminary  system  check-out 

(b)  Testing 

(c)  Discussion  of  test  data 

1.2. 2.1  Preliminary  System  Check-Out 

During  November,  I961,  a  series  of  fill  and  drain  operations  was  performed 
in  checking  out  the  test  tank,  plumbing,  data  acquisition  system,  etc. 
During  one  of  these  check-out  runs,  the  heat  lamps  were  turned  on.  When 
the  heat  lamp  switch  was  operated,  all  the  circuit  breakers  on  the 
facility  were  opened.  A  search  was  begun  to  find  what  had  short- 
circuited  the  system. 

Examination  of  the  substation,  connecting  wiring,  and  fuse  panels 
revealed  nothing  wrong.  The  vacuum  bell  cover  was  removed  so  the  tank 
and  lamps  could  be  examined.  The  trouble  was  found  to  be  the  aluminum 
foil  cover  on  the  tank  Itself.  The  cover  had  split  open  from  top  to 
bottom  on  two  sides,  allowing  the  foil  to  lay  over  against  the  lamp 
terminals,  thereby  causing  the  short  circuit.  The  splitting  action  was 
apparently  due  to  an  abnormal  amount  of  contraction  of  the  silicone 
rubber  used  to  bond  the  aluminum  foil  wraps  composing  the  cover. 

The  damaged  cover  was  removed  and  the  tank  was  rewrapped  with  a  single 
layer  of  aluminum  foil.  The  seams  were  sealed  with  an  aluminum  foil 
pressure  sensitive  tape.  To  prevent  the  aluminm  foil  from  contacting 
the  heat  lamps  should  the  cover  split  again,  the  tank  was  wrapped  with 
aluminum' screen  wire.  Figure  16  shows  the  tank  with  the  new  cover  and 
screen  installed. 

Check-out  runs  were  resumed  after  the  tank  covering  was  completed.  On 
December  5  damage  was  experienced  by  the  test  tank  itself.  During  a  fill 
cycle,  the  transition  cone  at  the  bottom  of  the  tank'buckled  and  split 
open,  allowing  several  hundred  gallons  of  LI^  to  run  out  into  the  first 
work  level  area.  No  fire  resulted  from  this  rupture.  Examination  of  the 
damage  revealed  the  cone  had  failed  completely,  buckling  around  the 
entire  perimeter.  Figures  17  and  I8  are  photographs  of  the  damaged  area. 
It  would  appear  that  the  fill  and  drain  line  had  moved  upward  and  buckled 
the  cone. 

The  funnel  was  removed  from  the  tank  and  the  flanges  salvaged.  A  new 
cone  was  welded  to  the  old  flanges  and  the  new  assembly  installed  on  the 
tank.  Leak  checks  revealed  no  leaks  and  testing  was  resumed. 

When  the  damaged  cone  was  removed,  the  interior  was  covered  with  a  fine, 
white  powder.  Further  examination  revealed  this  fine  powder  up  inside 
the  tank  and  in  the  plumbing.  It  was  determined  the  powder  was  insula¬ 
tion  material  of  the  type  used  in  the  insulation  of  the  fill  and  drain 
valves  for  test  tank  and  each  storage  dewar.  These  valves  are  enclosed 
in  an  aluminum  can  which  is  filled  with  the  powder  insulation.  Each  can 
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FIGURE  16 

PHOTOGRAPH  OP  NEW  AI.UMINUM  FOIL  COVER 

WXXII  WlKJi;  tjCKKIRN  PRrvj,'Hic;TOR  UN  R'.I'ATNTFSR  RTKKT.  TANK 
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FIGURE  17 

PHOTOGRAPH  OF  DAMAGED  TRANSITION  CONE  (l) 


FIGURE  18 

PHOTOGRAPH  OF  DAMAGED  TRANSITION  CONE  (2) 
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was  opened  and  a  bad  leak  was  found  in  the  fill  valve  to  the  test  tank. 
A  teflon  gasket  had  failed  which  allowed  the  powder  insulation  to  be 
drawn  into  the  fill  line  and  distributed  thx'oughout  the  plumbing  system. 
The  valve  was  repaired  and  the  plumbing  cleaned  of  insulation  powder. 

Three  possibilities  exist  that  could  have  caused  the  failure  of  the 
transition  cone. 

(a)  Overpressurization  of  the  fill  line 

(b)  Explosion  in  fill  line 

(c)  Excess  Insulation  plugging  filter 

Check-out  of  the  thermal  facility  was  resumed  and  was  found  to  be 
operational. 


1.2.2. 2  Testing 

During  the  latter  part  of  November^  a  meeting  was  held  with  Edwards 
Air  Force  Base  personnel^  and  it  was  agreed  that  the  major  emphasis 
of  the  thermal  test  program  would  be  the  study  of  stratification 
phenomena.  To  accomplish  this,  a  special  temperature  probe  was 
installed  to  study  the  stratification  phenomena  in  the  upper  or  lower 
region  of  the  test  tank. 

Thermal  testing  began  in  December,  1961.  Several  preliminary  runs 
were  made  (without  recording  data)  for  a  final  check  on  the  entire 
system.  On  several  occasions  when  the  run  button  was  pushed,  the 
system  would  short-circuit  and  stop.  It  was  first  thought  that  the 
insulation  may  have  opened  up  again  and  had  made  contact  with  the  lamps 
again  even  thou^  they  were  protected  by  the  screen  wire  covering.  A 
check  of  the  tank  revealed  that  the  cover  was  intact  and  was  not 
causing  the  trouble.  The  cause  was  then  suspected  to  be  corona  dis¬ 
charges  taking  place  within  the  evacuated  bell  chamber. 

Earlier  in  the  program  the  possibility  of  corona  effect  was  discussed 
with  DG0RPT  and  at  their  request  contact  was  made  with  the  Martin 
Company,  Denver,  Colorado,  for  information  on  this  subject.  The 
information  from  Martin-Denver  was  limited  and  inconclusive.  There¬ 
fore,  a  test  procedure  was  devised  to  check  the  possibility  of  corona 
in  the  vacuum  bell.  A  stainless  steel  test  cylinder  was  installed  and 
the  bell  sealed.  The  vacuum  bell  was  evacuated  to  20  mm  Hg  and  then 
increased  in  .5  Dim  Increments.  At  each  pressure  the  lamps  were  turned 
up  to  full  voltage  and  then  back  to  off.  At  no  time  did  corona  occur. 

During  the  time  that  B.eech  was  conducting  these  tests,  the  supplier  of 
the  heat,  lamp  system  (Research,  Inc.)  also  conducted  a  series  of  tests 
and  forwarded  their  data  for  consideration.  This  Information  indicated 
that  corona  discharges  could  be  obtained  on  a  kQO  volt  system  operating 
in  a  pressure  range  of  approximately  I.7  x  lO'^  mm  Hg  up  to  1.1  mm  'Hg. 
The  possibility  of  a  discharge  was  reduced  as  the  pressure  increased 
above  1.1  mm  Hg.  Tests  also  were  conducted  by  Research,  Inc.  on  a 
2k0  volt  system  with  no  discharge  obtained. 
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At  the  time  the  system  was  designed,  it  was  known  this  phenomenon  was 
possible  with  a  480  volt  system  and  that  a  2i*-0  volt  system  would 
materially  reduce  this  possibility  if  not  en-jbirely  eliminate  it.  How¬ 
ever,  at  the  time  a  2k0  volt  system  was  not  available  from  Government 
sources  and  a  ^8o  volt  system  was.  ilierefore,  the  480  volt  substation 
was  installed. 

After  considering  the  data  submitted  by  Research,  Inc.,  which 
apparently  bears  out  the  results  of  the  tests  conducted  in  the  heat 
tower  by  Beech,  it  was  decided  that  for  each  thermal  test,  a  pressure 
would  be  established  where  corona  discharge  did  not  occur  and  the  test  would 
be  conducted  at  that  pressure.  The  only  difference  in  conditions 
existing  between  the  corona  tests  and  the  actual  thermal  run  is  the 
temperatiure .  The  corona  tests  were  made  at  ambient  temperature.  What 
effect  this  might  have  is  not  known. 

Following  the  procedure  of  finding  a  pressure  where  corona  discharge 
did  not  occur,  two  thermal  test  runs  were  performed  on  December  12 
with  (Qualified  success.  Two  more  thermal  test  runs  were  performed  on 
December  l6  with  greater  success.  Of  the  latter  two  runs,  one  was 
made  without  heat  applied  to  the  side  wall  and  the  other  with  heat 
applied  to  the  sidewall.  Results  of  the  tests  are  given  below. 

1.2.2. 3  Discussion  of  Test  Data 

Selected  data  from  the  test  runs  are  presented  in  Figures  19  through 
23.  This  data  is  taken  from  strip  charts  monitoring  eight  channels 
of  informalbion  during  each  test.  Strip  chart  data  is  used  since 
difficulties  encountered  in  the  magnetic  tape  recordings  invalidated 
their  contents,.  For  a  discussion  of  these  difficulties  see  paragraph 
1.3*2. 


At  zero  time  the  tank  was  closed  off  and  pressurized  rapidly.  The 
heat  flow  through  the  tank  sidewall  during  the  run  is  52.45  Btu/sec 
and  the  liq,uid  level  dropped,  approximately  460  gallons.  As  can  be 
seen,  the  operating  pressure  was  reached  in  approximately  50  seconds 
and  stabilized  out  shortly  thereafter.  The  new  operating  pressure 
of  15  psig  establishes  new  equilibrium  conditions  which  are  reflected 
in  the  rise  of  temperature  of  the  liquid.  At  the  same  time  the  vent 
flow  rate  is  dropping  off,  indicating  that  subcooled  liquid  exists 
during  the  time  for  equilibrium  to  take  place.  At  ICX)  seconds  the 
vent  gas  flow  has  stopped  and  the  tank  pressure  has  stabilized;  mean¬ 
while,  the  b\ilk  liquid  temperature  is  rising  to  its  new  equilibrium 
temperature . 

At  the  time  (approximately  200  second^  that  the  liquid  hydrogen 
reaches  its  new  equilibrium  state,  the  liquid  boils  and  increases  the 
vent  flow  rate  as  well  as  the  tank  pressure.  At  approximately  280 
seconds  the  tank  is  vented  to  the  atmosphere  with  resultant  temperature 
drop  to  a  new  equilibrivun  state. 

It  is  interesting  to  note  the  temperature  stratification  of  the  liquid 
during  the  run.  The  temperature  probes  used  for  plotting  this  data  were 
6  inches  apart  and  in  the  same  vertical  plane. 
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FIGURE  21 

VENT  FLOW  RATE  VS.  TIME 
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FIGURE  22 

INTERNAL  TEMPERATURE  VS.  TIME 


Tcuik  Pressure  -  psig 
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1.3  Thermal  Test  Facility 


This  section  will  he  described  under  the  following  sub-titles: 

(a)  Mechanical 

(b)  Electrical  and  Data  Acquisition 

( c )  Recommendat ions 

1.3*1  Mechanical 

With  the  exception  of  a  valve  gasket  failure  discussed  previously  the 
mechanical  equipment  in  the  facility  performed  satisfactorily  dxrring 
the  thermal  test  runs.  A  problem  area  exists  in  the  inflatable  seal 
area  of  the  vacuum  bell.  This  problem  has  been  discussed  in  previous 
reports. 


1.3*2  Electrical  and  Data  Acquisition 

During  the  four  thermal  test  runs  it  was  believed  that  the  data 
acquisition  system  performed  satisfactorily.  While  each  test  was  in 
progress,  the  system  was  checked  by  a  monitor  scope.  No  discrepancies 
were  noted  during  the  runs  and  it  was  assumed  the  data  was  being 
accurately  recorded  since  the  System  is  balanced  out  prior  to  each 
run.  In  addition,  the  eight  channels  of  the  system  which  are  recorded 
on  strip  charts  as  well  as  magnetic  tape  indicated  the  system  was 
performing  satisfactorily.  A  total  of  96  channels  were  used;  with 
the  data  being  taken  on  magnetic  tape. 

After  the  tests  were  concluded,  the  magnetic  tapes  were  processed  and 
data  from  them  examined  as  to  quality.  It  was  foxind  the  data  was 
widely  scattered  and  eratic. 

It  is  believed  the  difflcxolty  was  caused  by  the  corona  discharges 
experienced  Just  prior  to  the  actual  run  in  finding  the  pressure 
the  system  would  tolerate.  This  caused  a  loss  of  synchronization  in 
the  multiplex  system  Involving  the  commutator  and  the  analog  to 
digital  converter  that  provides  the  data  for  the  magnetic  tapes. 
Contributing  to  this  problem  is  dynamic  resistance  in  the  commutator 
itself.  These  combined  difficulties  apparently 'caused  a  shift  of 
data  on  the  tape.  Investigation  revealed  that  reduction  with  suiy 
real  meaning  was  impractical. 

1.3*3  Rec  ommendat ions 

Testing  of  the  stainless  steel  tank  has  revealed  serious  problems  in 
the  control  of  the  vacuum  bell  pressxire  and  in  the  performance  of  the 
data  acquisition  system.  It  is  felt,  at  this  time,  consideration 
shoxold  be  given  to  certain  desired  changes  before  testing  of  the 
titanium  test  tank  is  scheduled.  The  changes  are  recommended  as 
follows : 

(a)  Fabricate  and  install  end  closures  on  the  vacuum  bell  to 
provide  a  closed  vacuum  system  not  dependent  on  large 
inflatable  seals. 
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(b)  Rework  the  data  acquisition  system  to  eliminate  those 
problem  areas  known  to  exist  and  modification  to  provide 
a  more  reliable  system. 

(c)  Convert  the  480  volt  power  supply  to  2k0  volt  to  eliminate 
corona  discharge. 

It  is  believed  that  if  these  changes  are  made,  the  system  will  then  be 
capable  of  taking  accurate  and  reliable  data  that  will  be  usable  to  a 
large  te^ent  of  the  industry. 

In  order  to  implement  the  recommendations  as  noted  above,  a  facilities 
modification  program  was  developed.  The  program  involves  approximately 
$52,700  and  is  aimed  at  solving  the  three  problems  discussed  previously. 
The  Air  Force  technical  monitor  has  examined  and  approved  the  proposed 
modification. 

This  modification  program  has  been  forwarded  through  the  proper  channels 
to  ASD,  Dayton,  Ohio  and  disposition  is  being  awaited. 

The  R  £ind  D  effort  has  been  stopped  and  a  time  extension  to  the 
contract  requested  and  received. 
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Qeech  Qircraft  Corporation 
ENGINEER IN6  TEST  REQUEST 


APPENDIX  A 

rtOM . . 

10 . .  cc; 


N?  4446 

date 


mtlNCMINS  DATA: 


1  of  2 

fkio VirofOMt  suporoodoi  onA  eoaeolo  Tost  Roquost  ^78$* 


7>00(HR>t1oo»  6a1»4v  toot  tank  vlth  otrolo  44^00  por  Dnwlai  lo.  609<M»037. 


wnmm 


Ik  four  foMi  la  onaulua  botoooa  akirt  obA  Aom  at  betk  oaAo  of  toak. 

ftk  Vitk  toak  la  top«sttO|mAoA,  aoanal  uprl^t  pooltloa  la  frotoot  tooor 
at  loro  tfgA  prooMro  roeorA  atvolao. 

3*  PvooourlM  took  to  5  vUi  roeoorA  otralao* 

hi  Start  fUllag  toak  vltk  vator  aalatalaing  $  polf  sm  proioaro  oatU 
lonar  oai  of  oyllnAor  la  oattoA  after  vlilok  tka  teak  nor  to  nraplataly 
fiUaA  at  oaro  saa  shp*  proaottra. 

5k  SioarA  atralao  aaA  Igdroatatie  SNI*  praaaaro  aa  bottaa  of  toak. 

8k  Iteroiaa  sm  praaaaro  at  top  of  taaki  afeoa  teak  la  aateUtelp  fllXoA# 
iMriaao  ste  paaaaara  la  tl»  fOUoalaf  laaraaoatet  10^  10*  S»  5«  8«  2 
paist  raeoacAlas  atralaa  aaA  fiisa  praaaaroa  at  mA  laaroBaat.  Bo  aot 
taaaoA  t5  patg  praaaaro  oa  bottea  of  teak. 

7.  asptgr  teak  of  voter  aatatalnlnt  eoaateat  5  pals* 

8k  With  teak  la  tep*oaapoaAaA|  larorteA  pooltloa  la  prateat  tooor  it 
oaro  fast  praaaaro^  roaorA  atralaa. 

9.  praaaarlaa  teak  to  5  pols  aaA  roeorA  atralaO. 

20.  liXI  teak  oltk  oatar.  RoeorA  atralaa  aaA  kpAreototle  prooaaro  at 
tka  bottea  of  tka  teak. 


U.  ]aaraaoo  gM  praaaaro  at  tap  of  taokj  vhoa  teak  la  eoaploteip  flUoAf 
laaroaao  gaa  prMaara  la  tka  folXovlas  laeraaaatei  10#  5#  B#  2#  2 
poll#  raeorAlas  atratea  aaA  lasa  praaaaraa  at  aarii  laaroMBt.  Bo  aot 
amooA  tk  pels  praaaaro  oa  bottea  of  teak. 

is.  Itetp  toak  aaA  raaora  atrala  sajea  par  Bpoalfleatloa  78BL. 

13,  fiaal  teak  eeoflsnratloat  Proparo  for  laaalatloa  laatellattaa. 


eparotliro  par  lonatioaa  la  Spaelfleatloa  78OL. 


APPROVED 
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E.UI 


APPROVED 


ENGINEERING  TEST  REQUEST  No.  441^6 
Noyenber  6,  196I 


INSTRUMENTATION  (Continued) 

2.  Pressure  geiges  to  measure: 

a.  Rydrostatic  pressure  at  lovest  point  of  tank 

b.  Gas  pressure  on  water  In  tank 

DATA  REQUIRED;. 

1.  Strain  gage  record: 

2  records  per  each  of  56  gages. 

2 .  Pressure  readings ; 

Sydrostatlc  and  gas  gage  recorded  on  strain  gage  record. 
Barometric  pressure  at  start  of  each  day's  test. 

3.  Temperature; 

Ambient  air. 

Tank  water. 
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